The electron density of microwave-generated surface-wave discharges in argon have been measured using Stark broadening and calculated from the measured wavelengths of the standing surface wave. Results obtained from these two techniques compare well. The electron density varies from 1013 to 1014/cm 3 for pressures ranging from 50 to 800 tort.
INTRODUCTION
Experimental properties of microwave discharges produced by surfacewave launchers have been studied for several years. (~-3) The electron density of low-pressure discharges (<10torr) has been determined by Langmuir probes, ~3) TMolo microwave cavities, (1~ and by UHF interferograms of the surface wavelength. (~ The electron density of an atmospheric-pressure discharge has been measured using Stark broadening. (z) The objective of this paper is to summarize and compare measurements of spatially averaged electron densities (Ne) made in argon, microwave-generated (2.45 GHz) surface wave discharges. These new results span the intermediate pressure range of 50 to 800 tort, a pressure range not previously investigated, and compare two measurement methods: (1) electromagnetic measurements, similar to those traditionally used for low-pressure discharges and (2) Stark broadening, traditionally used for high-pressure discharges. The use of each of these measurement techniques for the intermediate pressure regime will be discussed in the next section. The remainder of this introduction will give a qualitative characterization of the type of discharges investigated in this paper. Further descriptions can be found in Ref. 4. The argon discharges can be described as weakly ionized, contracted, (i.e., separated from the tube wall by a nonionized gas layer), cylindrical plasma columns having diameters of 1-2mm and lengths of 1-30 cm (depending on pressure and absorbed power). The discharges are visibly intense and have a clear and distinct boundary. Despite the short lengths, the discharges can be thought of as long plasma columns since the length-todiameter ratios are large. The discharges are maintained in steady state by an axially traveling surface wave, launched along the column by a microwave reentrant cavity. As the wave travels along the discharge column, the energy in the wave decays due to dissipation of microwave power in the discharge. Eventually a critical point is reached when the wave is cut off and the discharge physically ends. There are gradual axial variations in discharge diameter which can be directly related to the wave power at any axial point. (4) In general, as microwave power is increased from 30 to 100 W at a constant pressure in a given discharge/tube configuration, plasma volume increases such that the spatially averaged density of absorbed power, <P), remains constant. (4) In these experiments, the plasma volume increase is due to an increase in discharge length and a slight increase in discharge diameter.
MEASUREMENT METHODS
The experimental systems required to produce these argon surface-wave discharges are described in detail in Ref. 3. Figure 1 displays a typical arrangement with one surface-wave launcher and shows the orientation of the optical equipment, which was not used in the experiments of Ref. 3. Note that there is a gap between the center conductor and the flat cavity wall of the surface-wave launcher, allowing the coupling of microwave power to the discharges. Also, the plasma in Fig. 1 is shown filling the quartz tube radially. For the experiments of this paper, however, the plasma was always contracted to a smaller diameter (1-2 ram) than the quartz tube diameter.
In the first experiment, average electron densities were determined using electromagnetic analysis techniques to relate measurements to discharge properties. The standing surface wave configuration described in Ref. 3 was used with the discharges contained in a 4 mm i.d. quartz tube. In this experimental arrangement, two surface-wave launchers are used to sustain a single plasma column. The surface waves, which are traveling in
